INTRODUCTION
============

Countless diseases are found in the intensive care setting or operating room that can compromise the coagulation system. Severe hemorrhage with necessity of allogeneic blood transfusion is a frequent clinical manifestation that can lead to undesirable outcomes.^([@B1])^ Traditionally, allogeneic blood transfusion practice has been indicated based on conventional coagulation tests in association with clinical signs of active bleeding.^([@B2],[@B3])^Coagulopathy defined as impairment in platelet counts, in coagulation tests and in fibrinogen concentration, is common in critically ill patients increasing the risk of allogeneic blood transfusion. Fresh frozen plasma is associated with a three-fold increase the risk of nosocomial infection in severe surgical patients.^([@B4])^Platelets concentrate, red blood cells and fresh frozen plasma transfusions are associated with a higher risk of acute pulmonary insufficiency.^([@B5])^

The hemostatic system is composed by the endothelium, soluble blood proteins, platelets, fibrinolytic and anti-fibrinolytic systems, that are responsible for activation, modulation, and lysis of clot. The cell-based model of coagulation described in 2001 by Hoffman et al., demonstrates that the complex process of clot formation is triggered by the tissue factor and involves four consecutives different phases: initiation, amplification, propagation and clot stabilization.^([@B6])^

The coagulation system in the critical setting has been assessed traditionally throughout conventional coagulation tests such as prothrombin time, international normalized ratio (INR), thrombin time and activated partial thromboplastin time.^([@B3])^ Yet, conventional coagulation tests were validated to monitor vitamin K antagonists and heparin therapy. Even tough, conventional coagulation tests have not been validated to predict and/or to guide therapy in acute (acquired) hemorrhage, they have been widely used for this purpose.^([@B7])^

The absence of thrombomodulin, expressed by endothelial cells, which is responsible for activation of protein C pathway, a natural coagulation inhibitor, limits the evaluation of conventional coagulation tests. conventional coagulation tests only evaluate the thrombin generation determined by pro-coagulation factors, so they are not able of demonstrating the hemostatic balance between coagulation activating and inhibiting factors.^([@B8],[@B9])^

Conventional coagulation tests reflect poorly the *in vivo* hemostasis since they change when coagulation factors show a *deficit* of more than 50%. Conventional coagulation tests are performed in the plasma sample, thus not take into consideration the interaction of the coagulation factors with platelets, blood cell elements and the vascular endothelium.^([@B7])^ The influence of hypothermia is not measured, since these tests are performed at 37°C. In this way, complex and multifactoral hemostatic disorders, such as those seen in hemorrhage due to trauma, postpartum, liver diseases, postoperatively and dengue, are difficult to analyze with conventional coagulation tests. Viscoelastic tests have become fundamental for the diagnosis and management of patients with severe hemorrhagic disease. Rotational thromboelastometry (ROTEM^®^) address these gaps providing promptly results, proper inform the dynamics of formation, stabilization and dissolution of clot, reflecting the *in vivo* hemostasis at the bedside.^([@B10],[@B11])^

Thromboelastography (TEG^®^), described by Hartert in 1948, allows global evaluation of clot formation process, including initiation, formation, stabilization, and lysis of the clot.^([@B12])^Thromboelastography is a laboratory method that demonstrates the interactions among the blood cells and their biochemical characteristics by means of a graphic representation. Thromboelastography (TEG^®^; Haemoscope Corporation, IL, USA) or thromboelastometry (ROTEM^®^, TEM International GmbH, Munich, Germany) allow a rapid and robust assessment of the clot, using a minute amount of whole blood.^([@B2])^

The first descriptions of applicability of TEG^®^ were in liver transplants.^([@B13])^ Later, it was described in cardiac surgery.^([@B14])^In trauma patients, thromboelastography demonstrated the capacity to anticipate the need for transfusion.^([@B15])^ In the 1990s, the method went through improvements, the device became more resistant to vibrations, allowing its dislocation to the bedside. The ROTEM^®^ system has a computer for automated analysis, an electronic pipette, four channels for simultaneous measurements and the modern software became the graph more attractive. The use of new reagents as inhibitors and activators accelerated the test results and allowed the identification of different coagulation disorders. In this way, thromboelastometry may guide the hemostatic therapy through goals, according to the need of each patient.^([@B2])^

Massive hemorrhage and blood transfusions are associated with increased morbidity, mortality, and costs.^([@B16]-[@B19])^ Viscoelastic tests (TEG^®^ and ROTEM^®^) can reduce blood transfusion needed and may optimize the treatment of severely ill patients, since they guide and individualize treatment, justifying investment in this cost-effective technology.^([@B20],[@B21])^The new era of thromboelastometry relies on its efficacy, practicality, reproducibility and cost-effectiveness to establish itself as the main diagnostic tool and transfusion guide in patients with severe active bleeding.

METHODOLOGY OF THE VISCOELASTIC TESTS
=====================================

For the performance of the viscoelastic tests (ROTEM^®^ or TEG), one citrated blood sample is needed, collected by venous puncture of peripheral blood. This may be done at the patient's temperature, which represents an advantage to patients with blood dyscrasia related to hypothermia.

The principle of TEG^®^ involves the incubation of 360uL of whole blood at 37°C, in a heated cylindrical cup. The cup oscillates during 10 seconds at an angle of 4°45' in a bowl with a pin freely suspended by a twisted wire ([Figure 1](#f01){ref-type="fig"}).

Figure 1Schematic representation of analysis with rotational thromboelastometry

The biochemical changes occur in pH, electrolytes, and temperature, promoting interaction among blood cells and the subsequent bond between fibrins and platelets, which by the cup's rotating movement, transmits a movement pace to the immersed pin. In this way, the magnitude of the graphic representation is directly related to the resistance of the clot formed. After retraction of the clot, its lysis occurs. The bonds are broken, and the transfer of movement of the cup is reduced. The movement of the pin rotation through the mechanical transducer is an electric signal, manifested graphically ([Figure 2](#f02){ref-type="fig"}).

Figure 2Rotational thromboelastometry parametersCT: clotting time; CFT: clot formation time; MCF: maximum clot firmness; ML: maximum lysis; A10: amplitude 10 minutes.

With the ROTEM^®^, contrary to the TEG^®^, it is the steel pin that makes a 4°75' rotation relative to the cup. By optic reading, this movement transmits to software a graphic representation of amplitude relative to the time of the entire process of clot formation, from its initiation, maximal formation up to its lysis ([Figure 1](#f01){ref-type="fig"}). The advantage the ROTEM^®^ offers is its capacity to present results within 5 to 30 minutes, due to accelerating and inhibiting reagents of the coagulation process.^([@B10])^

The resulting hemostasis profile is a measure of the time it takes for the first chains of fibrin to be formed, the kinetics of clot formation, the resistance of the clot, and finally, of its dissolution. Physical properties of the clot depend on the relation among fibrinogen, platelets, and plasma proteins. This process produces a characteristic graphic tracing that reflects the different phases of coagulation, allowing its qualitative evaluation ([Figure 2](#f02){ref-type="fig"}).^([@B22])^

VARIABLES AND CHANNELS FOR THROMBOELASTOMETRY ANALYSIS
======================================================

Rotational thromboelastometry is the graphic representation of viscoelastic changes during whole process of fibrin polymerization. From formation to lysis, its variables are time, dynamics, size, and firmness of the clot ([Figure 2](#f02){ref-type="fig"}):

> \- Clotting time (CT), from zero 0 to 2mm: it corresponds to the beginning of the analysis until the start of clot formation. It is the onset of thromboplastin activation, with the formation of the first fibrins, which reach a 2mm amplitude. This is the beginning of the clot, and of the initial formation of thrombin and clot polymerization. During this phase, coagulation factors are assessed as well as the effect of heparin.
>
> \- Clot formation time (CFT), from 2 to 20mm: it is the period subsequent to CT, and represents the kinetics of thrombin formation, fibrin polymerization, and clot stabilization by means of involvement of platelets, fibrinogen, and factor XIII.
>
> \- Alpha angle: is the angulation described by the patient's state of coagulability. The more acute it is, the more hypocoagulable; the more obtuse, the greater the tendency towards hypercoagulability.
>
> \- Maximum clot firmness (MCF), from 20 to 30mm: period subsequent to CFT, consists in the maximal amplitude of the graphic. Greater stabilization of the clot by fibrin polymerization. It involves interaction among platelets, fibrinogen, and factor XIII. It indicates consistency or quality of the clot, characterizing the patient's coagulability state.
>
> \- A05 to A30: is the firmness of the clot, by the amplitude between the 5 and 30 minute time points.
>
> \- Maximum lysis (ML): is the reduction of clot firmness after the MCF. The clot is stable if the ML is less than 15%, or there is hyperfibrinolysis when greater than 15%.

The applicability of the variables described is done with the five available tests for real-time analysis of ROTEM^®^: INTEM, EXTEM, FIBTEM, HEPTEM, APTEM (Figures [2](#f02){ref-type="fig"} and [3](#f03){ref-type="fig"}).

Figure 3Graphic representation of the different channels (INTEM, EXTEM, and FIBTEM) of rotational thromboelastometryCT: clotting time; CFT: clot formation time; MCF: maximum clot firmness; A10: amplitude 10 minutes.

> \- INTEM: activation occurs in the contact phase by ellagic acid. It is sensitive to the intrinsic pathway factors. It evaluates factors XII, XI, IX, VIII, X, V, II, I, and von Willebrand. The CT is more sensitive to non-fractioned heparin \>0.15U/mL in the blood.
>
> \- EXTEM: activation by thromboplastin or tissue factor (rabbit brain). Onset of clot formation in 70 seconds. It is most sensitive to fibrinolysis. Screening test of the extrinsic pathway: TP (vitamin K-dependent factors: II, VII, IX, X). CT is less sensitive to heparin (\>4U/mL of non-fractioned heparin in the blood).
>
> \- FIBTEM: activation similar to that of EXTEM. Addition of cytochalasin D inhibits platelet function, allowing isolated activation of fibrinogen. The resulting clot is dependent only on the formation and polymerization of fibrin.
>
> \- HEPTEM: activation similar to that of INTEM. Addition of heparinase degraded to heparin is present in the sample. When the HEPTEM corrects the CT alteration, relative to INTEM, this is defined as heparinized blood; otherwise, it represents coagulation factor deficiency.
>
> \- APTEM: activation as per EXTEM. By the addition of aprotinin to the reagent, there is inhibition of fibrinolysis. If there is ML correction relative to EXTEM, it characterizes true hyperfibrinolysis (ML\>15%).^([@B2],[@B23])^

IMPORTANCE OF THROMBOELASTOMETRY
================================

Thromboelastometry provides global information about kinetics and the structure of the clot, besides evaluating the fibrinolytic system.^([@B24],[@B25])^Viscoelastic tests allow early detection of the coagulation disorder, enabling goal-directed therapy with specific hemostatic agents, according to individual needs ([Chart 1](#t1){ref-type="table"}).

Chart 1Importance of perioperative monitoring of coagulation by thromboelastometryDiagnosis of potential causes of hemorrhageGuide to hemostatic therapiesRisk predictor of bleeding during surgical proceduresRationalization for blood transfusionReducing complications with blood products: TRALI, TACO, TRIMMonitoring of hypercoagulability statesTRALI: transfusion-related lung injury; TACO: transfusion-associated cardiac overload; TRIM: transfusion-associated immunomodulation.[^1]

The qualitative evaluation of the clot, with graphic representation of the different coagulation disorders, such as hyperfibrinolysis, coagulation factor deficiency, dysfibrinogenemia, platelet dysfunctions, and heparin effect, became a necessity in intensive care unit.^([@B2],[@B23])^

CLINICAL APPLICATION
====================

Rotational thromboelastometry screening tests are INTEM and EXTEM. According to preliminary results, we should proceed with the investigation with APTEM and/or FIBTEM and/or HEPTEM, as proposed by Lier et al., ([Figure 4](#f04){ref-type="fig"}).^([@B2])^

Figure 4Diagnostic algorithm guided by rotational thromboelastometryCT: clotting time; CFT: clot formation time; MCF: maximum clot firmness; ML: maximum lysis.

This is an initial screening. In a case of bleeding, one must exclude mechanical causes, hypothermia, acidosis, hypocalcemia, von Willebrand factor deficiency, and prior use of antiplatelet agents. Non-reversal of these etiologies may strive coagulopathy by coagulation factors consumption and impairments in the eletromicrometria profiles. On [chart 2](#t2){ref-type="table"}, several clinical indications are shown as a benefit of utilizing viscoelastic tests.

Chart 2Indications for thromboelastometryCoagulopathy associated with trauma and massive hemorrhageLiver transplantCardiac surgeryMajor orthopedic surgery and neurosurgeryHypothermiaPostpartum/neonatal hemorrhageHypercoagulability statesProcoagulant therapyAnticoagulation with non-fractioned heparin

The benefits of goal-directed therapy extend to more rational use of allogeneic blood components, thus reducing their possible iatrogenic effects, such as transfusion-related lung injury (TRALI),^([@B26])^ transfusion-associated cardiac overload,^([@B27])^transfusion-associated immunomodulation,^([@B27])^ venous thromboembolism (VTE), and viral and bacterial infections.^([@B28],[@B29])^

A multicenter study with 1,175 patients due to blunt trauma and subsequent hemorrhagic shock showed that fresh frozen plasma (FFP) was independently associated with an increase by 2.1% and 2.5% in the incidence of multiple organ failure and acute respiratory distress syndrome, respectively, for each unit transfused.^([@B30])^ The transfusion of FFP is associated with an increased risk of infection in critically ill surgical patients.^([@B4])^

Studies demonstrated the cost-effectiveness of ROTEM^®^ due to the reduction of deleterious effects of blood transfusions, costs of blood components, length of hospital stay, and in-hospital mortality.^([@B20])^

Thromboelastography has limitations that must be considered. The reaction occurs inside the cuvette and not in the endothelium, in a static coagulation mechanism. It is not sensitive to the effect of antiplatelet agents, oral anticoagulants, low molecular weight heparin, and von Willebrand factor deficiency.^([@B23])^

CONCLUSION
==========

A new era for thromboelastometry is now. It has changed the paradigm of coagulation analysis in critically ill patients. An early goal-directed therapy is needed for many critically ill patients with coagulopathy. We suggest the routine use of this practical, reproducible and cost-effective tool as the main diagnostic test and as a guide for hemostatic therapy in severe patients with active bleeding.

[^1]: Source: modified with permission from Lier H, Vorweg M, Hanke A, Görlinger K. Thromboelastometry guided therapy of severe bleeding. Essener Runde algorithm. Hamostaseologie. 2013;33(1):51-61. Review.
